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SPECIFICATION 
UNIVERSAL JOINT 

TECHNICAL FIELD 

The present invention relates to a universal joint and 
more particularly to a universal joint preferred for steering 
devices of vehicles. 

BACKGROUND ART 

Universal joints are coupling devices having been known 
long and referred to as Cardan joints, Hook's joints, or cross 
joints. Such universal joints are used to transmit a driving 
power respectively between two shafts inclined from or 
interlocking each other. For example, a universal joint 
employed for a car transmits an output, that is, a rotation 
power from the engine to the differential gear unit through 
the transmission, from the handle shaft to the body side steering 
device, or from the power steering device to the body side 
steering device. Although a universal joint is used 
independently as described above , two universal jointsareoften 
paired to be used. 

Fig. 1 shows an explanatory view of a conventional 
universal joint 10 for describing its outline. Two shafts (an 
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input shaft 1 and an output shaft 2 that crosses the input shaft 
1 at an angle a) are provided with yokes 11 and 21 respectively. 
Each yoke 11/21 is provided with two arms 111/211 . The two yokes 
are connected to each other through a cross member 3 having 
four spider arms 311 and 321 . Spider arms 311 that are disposed 
oppositely to each other are paired and received rotatably with 
bearings 411 at the input shaft 1 side yoke arms 111 while another 
pair of spider arms 321 is rotatably supported with bearings 
421 at the output shaft 2 side yoke arms 211. 

In the universal joint, both of the input shaft 1 and the 
output shaft 2 rotate together. Consequently, the total 
rotation distance becomes identical between those input and 
output shafts. In one rotation, however, the instantaneous 
angular speed of the output shaft 2 differs among rotation angles 
of the input shaft 1. Because of such a difference of the 
instantaneous angular speed, the transmission torque ratio will 
vary in one rotation, so that this transmission torque variation 
has been considered as a defect of universal joints. 

To solve such a problem, two universal joints are usually 
paired to be used. Concretely, the same crossing angle is set 
practically for the paired universal joints and the phase of 
one of the universal joints is shifted by a determined angle 
from the phase of the other universal joint to eliminate the 
variation of the transmitted torque. This is a well-known 
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technique . 

The technique is effective theoretically. Actually, 
however, the transmission torque ratio varies according to the 
rotation resistance of the universal joint itself. The reason 
is as follows. If the cross member 3 makes an oscillating 
movement with respect to the yoke arms 111 and 211, a friction 
resistance occurs between the cross member 3 and each of the 
yoke arms 111 and 211. This friction resistance cannot be 
cancelled even with the paired universal joints. And, this 
friction resistance that cannot be cancelled causes the total 
transmission torque ratio to vary in the paired universal joints. 
In the case of a steering device of a vehicle, this variation 
of the transmission torque ratio causes the driver to receive 
a varied counterforce while rotating the handle and makes him 
feel uncomfortable . 

DISCLOSURE OF THE INVENTION 

Under such circumstances, it is an object of the present 
invention to suppress the variation in torque transmitted 
between input and output shafts of a universal joint and further 
to improve the driver's steering feeling by suppressing the 
variation in torque transmitted in the universal joint of a 
vehicle's steering device that uses this universal joint. 

According to the first aspect of the present invention, 
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the universal joint includes an input shaft, a pair of yoke 
arms provided for the input shaft, an output shaft, a pair of 
yoke arms provided for the output shaft, a cross member having 
four spider arms that cross each other in a cross pattern, two 
bearings provided between the tip parts of two spider arms, 
disposed oppositely to each other and two yoke arms of the above 
input shafts, and two bearings provided between the tip parts 
of the rest two spider arms, disposed oppositely to each other 
and two yoke arms of the output shafts. The universal joint 
is provided with a resistance applying mechanism that generates 
the maximum resistance load in oscillating of each spider arm 
when the axis of each of the shafts of the two spider arms is 
included in a plane that includes both the input shaft axis 
and the output shaft axis. 

According to the second aspect of the present invention, 
the universal joint in the first aspect is modified so that 
at least one of the above bearings causes the resistance load 
to vary in accordance with the oscillating angle. 

According to the third aspect of the present invention, 
the universal joint in the second aspect is modified so that 
the bearing used as the resistance applying mechanism is formed 
with a substantially oval yoke hole formed in the yoke arm and 
a substantially oval tip part of a spider arm. 

According to the fourth aspect, the universal joint in 
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the third aspect is modified so that a bearing cup is press-fit 
in the substantially oval yoke hole formed in the yoke arm and 
a plurality of needles are provided between the inner surface 
of the bearing cup and the substantially oval tip part of the 
spider arm. 

According to the fifth aspect of the present invention, 
the universal joint in the first aspect is modified so that 
the resistance applying mechanism is formed with a cam surface 
formed at an end surface of the spider arm and an engaging 
projection provided at the yoke arm and coming in contact with 
the cam surface. 

According to the sixth aspect of the present invention, 
the universal joint in the fifth aspect is modified so that 
a bearing cup is press-fit in a circular yoke hole formed in 
the yoke arm and a plurality of needles are provided between 
the inner surface of this bearing cup and the circular tip part 
of the spider arm and the engaging projection is formed at the 
bottom of the bearing cup. 

According to the seventh aspect of the present invention, 
the universal joints in any of the first to sixth aspects are 
modified so that the resistance applying mechanism is provided 
at either of the input shaft and the output shaft. 

According to the eighth aspect of the present invention, 
the universal joints in any of the first to sixth aspects are 
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modified so that the resistance applying mechanism is provided 
at both of the input shaft and the output shaft. 

The ninth aspect of the present invention is a steering 
device of a vehicle and the universal joint in any of the first 
to eighth aspects is provided between the steering column and 
the body side steering mechanism. 

The tenth aspect of the present invention is a universal 
joint assembly dedicated for vehicles and two universal joints 
having a crossing angle equal to that of the universal joint 
in any of the first to eighth aspects respectively are provided 
and each universal joint is provided with an intermediate shaft . 
One of the universal joints uses the output shaft as the above 
described intermediate shaft and the other universal joint uses 
the intermediate shaft as the input shaft. 

According to the universal joint of the present invention , 
the torque transmitted between input and output shafts is 
suppressed in variation and the vehicle's steering device that 
uses this universal joint prevents the variation in the torque 
transmitted in the universal joint, so that the steering feeling 
of the driver is improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an explanatory view for describing the outline 
of a universal joint; 
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Fig. 2 illustrates the whole steering mechanism of a 
vehicle to which the present invention can apply; 

Fig. 3 is an expanded view of the universal joint in which 
both of the input and output shafts are rotating; 

Fig. 4 is another expanded view of the universal joint 
in which both of the input and output shafts are rotating; 

Fig. 5 is a graph for denoting changes of an angular speed 
ratio r w with respect to the rotation angle 0 of the input shaft 
1; 

Fig. 6 is a graph for denoting changes of an input shaft 
torque ratio when two pairs of universal joints are used, with 
respect to the rotation angle 0 of the input shaft 1; 

Fig. 7 illustrates how the posture of a cross member 3 
changes (oscillates) while the cross member 3 is watched with 
a camera fixed to the rotating input shaft 1; 

Fig. 8 is a graph for denoting a relationship between a 
conventional bending torque and an oscillating angle (3; 

Fig. 9 illustrates that a bearing 411 and a spider arm 
311 are formed so as to be transformed slightly from a circle 
to an oval respectively; 

Fig. 10 is an expanded view of a ma j or portion of the bearing 

411; 

Fig. 11 is another expanded view of the major portion of 
the bearing 411; 
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Fig. 12 is a graph for denoting a relationship between 
a bending torque generated by the bearing 411 and an oscillating 
angle (3 ; 

Fig. 13 is a graph for denoting that the universal joint 
10 to which a load is given selectively will have a fixed rotation 
torque; 

Fig. 14 is an expanded view of a major portion of the second 
embodiment ; 

Fig. 15 is an expanded cross sectional view of a major 
portion of a resistance applying mechanism of the second 
embodiment; and 

Fig. 16(A) is a top view of a cross member 3 in the third 
embodiment and Fig. 16 (B) is a left side view of an end surface 
of a spider arm 311. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Hereunder, the universal joint of the present invention 
will be described in detail with reference to the accompanying 
drawings . 

First Embodiment 

Fig. 2 shows the whole steering mechanism of a vehicle 
to which the present invention can apply . InFig. 2, the steering 
mechanism is provided between a steering column and a body side 
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steering mechanism. The steering column is fixed to a vehicle 
body 91 so that the inclination of the column 52 is adjusted 
by an adjusting lever 522. The steering column 52 supports a 
wheel shaft 521 that goes through the inside of the steering 
column 52 is rotational. A handle 51 is fixed at the top end 
of the wheel shaft 521. At the other end, that is, at the lower 
end of the steering column 52 is provided two pairs of universal 
joints 10. 

The input shaft 1 of the upper universal joint 10 is 
connected to the lower end of the wheel shaft 521 and the output 
shaft 2 is used as an intermediate shaft 61. The lower portion 
of the intermediate shaft 61 is used as an input shaft 1 of 
another universal joint 10. The output shaft 2 of this universal 
joint 10 is connected to a pinion shaft 62. A pinion is fixed 
to the pinion shaft 62 to drive a rack shaft of the body side 
steering mechanism. In order to form the steering device as 
a power driven steering device, the steering column 52 may be 
provided with a power driven assist motor. 

The center lines of the wheel shaft 521 and the intermediate 
shaft 61, as well as the center lines of the intermediate shaft 
61 and the pinion shaft 62 cross each other at crossing angles 
ccl and a2 (otl * oc2) respectively. Hereunder, only one of the 
paired universal joints will be described, because the 
description is the same for both of the universal joints unless 
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otherwise a description is made especially for any difference 
between the two universal joints. 

Figs. 3 and 4 show expanded views of the universal joint 
10 in which the input and output shafts are rotating. In Figs. 
1 and 2, the same reference numerals/symbols will be used for 
the same members. If the input shaft 1 rotates by 90° in the 
state shown in Fig. 3, the cross member 3 also rotates. The 
cross member 3 , which is connected to the output shaft 2 , changes 
its inclination in accordance with the rotation of the input 
shaft 1. The universal joint 10 thus goes into the state shown 
in Fig. 4. If the input shaft 1 further rotates, the universal 
joint 10 goes into the state shown in Fig. 3 at each rotation 
of 90 ° , then goes into the state shown in Fig. 4 . In other words, 
each time the input shaft 1 makes a half rotation, the universal 
joint 10 comes in the same state repetitively. At that time, 
even when the input shaft 1 rotates at a constant speed, the 
output shaft 2 cannot rotate at a constant speed (angular speed) . 

If an angle (crossing angle) at which the input shaft 1 
and the output shaft 2 cross each other is assumed as Ot and 
the input shaft 1 rotates at an angular speed of toi , it is known 
that the following angular speed ratio rco exists between the 
angular speeds coi and coo. 

r^ = coo/ooi = cosa/(l-sin 2 8'sin 2 a) 

Fig. 5 shows a graph for denoting changes of the angular 
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speed r\o with respect to the rotation angle 0 of the input shaft 
1. In the upper portion of Fig. 5 is shown a posture of the 
universal joint. The torque transmission ratio changes in 
accordance with the change of the angular speed ratio r w ; the 
larger the crossing angle a is, the larger this change becomes. 

The steering device of the vehicle usually uses two pair 
of universal joints and the phases of those universal joints 
are shifted from each other so that the crossing angle becomes 
the same practically for those universal joints, thereby this 
variation is eliminated. Actually, however, because the cross 
member 3 oscillates, the above described frictional resistance 
is still generated, thereby the torque will be varied. 

Fig. 7 shows how the posture of the cross member 3 changes 
(rocks) when the cross member 3 is watched from a camera fixed 
to the rotating input shaft 1. As shown in Fig. 7, one of the 
spider arms 311 of the cross member 3 is received by a bearing 
411 at the input shaft 1 side yoke arm 111, so that the other 
spider arm 321 received by a bearing at the output shaft 2 side 
yoke arm 211 oscillates in the right-left direction at an 
amplitude of a shaft angle a at each rotation of the input shaft 
1 and the other spider arm 321 passes the neutral position (in 
the vertical direction in Fig. 7) twice per rotation of the 
input/output shaft . 

If the cross member 3 is received by the bearing 411 at 
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the yoke arm 111, a proper pre-load is generally applied between 
the bearing opening end side and a seal ring 77 (see Fig. 15) , 
as well as between the bottom of the cup of the bearing 411 
and the tip of the spider arm 311. This pre-load generates a 
bending torque, that is, a frictional torque that prevents the 
cross member 3 from oscillating. Fig. 8 shows a relationship 
between a conventional bending torque and an oscillating angle 
(3: the bending torque is almost fixed regardless of the 
oscillating angle p. A loop is drawn when the oscillating 
direction changes. This is because the frictional direction 
differs according to the oscillating direction. 

This frictional torque causes a torque variation as shown 
in Fig. 6 (line graph B) , thereby making the driver feel the 
steering heavy when rotating the steering handle. The line A 
shows an idealistic case in which the bending torque of each 
of the two pair of universal joints is 0 (that is, the frictional 
resistance is assumed to be 0) and the phases of those universal 
joints are shifted by a predetermined angle respectively and 
the crossing angle becomes the same for both universal joints. 

If a selective load for preventing this oscillating of 
the universal joints, that is, a load resistance is given to 
the oscillating angle of the cross member 3, this load appears 
as a total one on the torque variation line graph B shown in 
Fig . 6 . 
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In this first embodiment, the following mechanism is used 
to apply the selective load. As shown in Fig. 9, the bearing 
411 and the spider arm 311 are formed almost as ovals slightly 
transformed from circles. 

The bearing 411 is configured asfollows. A substantially 
oval yoke hole 71 is formed in the yoke arm 111 and a bearing 
cup 73 is press-fit in this yoke hole 71. This press - fit ting 
enables the inner surface (bearing surface) of the bearing cup 
73 to be formed in a substantially oval shape. The tip of the 
spider arm 311 is also formed as a substantially oval in external 
view and many needles 72 are provided between the tip part of 
the spider arm 311 and the bearing cup 73 so that the bearing 
411 is formed. Note that, however, the oval shape or 
substantially oval shape mentioned above does not mean a 
mathematical "oval" in the strict sense of the word. 

Figs. 10 and 11 show expanded views of a major portion 
of the bearing 4 11 . InFigs. lOandll, the ma j or radial direc tion 
of the yoke hole 71 means the vertical direction (the direction 
orthogonal to the axis of the input shaft 1 in Figs. 10 and 
11) . The oval tip part of the spider arm 311 includes a long 
shaft formed in a direction orthogonal to a plane that includes 
the center line of each of the four spider arms (311, etc.) 
of the cross member 3 . 

Fig. 10 shows a relationship between the oval yoke hole 



-13- 



71 and the oval tip part of the spider arm 311 when the spider 
arm 311 is at the neutral position. In this state, the major 
radial direction of the oval tip part of the spider arm 311 
matches with the minor radial direction of the oval yoke hole 
71, so that a strong pre-load applies between them and the 
f rictional torque becomes large . This state corresponds to that 
shown in Fig . 4 . 

Fig. 11 shows a case in which the oscillating angle (3 of 
the cross member 3 is the maximum, that is, matches with the 
value of the shaft angle a. The major radial direction of the 
oval tip part of the spider arm 311 inclines just by P, so that 
the pre-load becomes weak and the frictional torque is lowered. 
This state corresponds to that shown in Fig. 3. 

Fig. 12 shows a relationship between a bending torque 
generated due to such a configuration of the bearing 411 and 
an oscillating angle P; the bending torque changes significantly 
in accordance with the oscillating angle P and becomes the maximum 
when the oscillating angle P is 0° . The characteristics (size 
and curve) can be adjusted in a wide range by adjusting the 
relationship among the sizes of the yoke hole 71, the tip part 
of each spider arm 311, each needle 72, as well as the shape 
of each oval. This embodiment can apply to a steering device 
that uses two pairs of universal joints to obtain the universal 
joint 10 having a substantially fixed rotation torque just like 
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in the example shown in Fig. 13. 

The resistance applying mechanism, when the axis of each 
of the two spider arms 311 is included in the plane that includes 
both of the axes of the input shaft 1 and the output shaft 2, 
causes the oscillating of the spider arm 311 (cross member 3) 
to generate the maximum resistance load and the load resistance 
(frictional torque) becomes weak gradually as the value goes 
away from the maximum resistance load. 

Second Embodiment 

In this second embodiment, the resistance applying 
mechanism is configured by a cam surface 76 and an engaging 
projection 75 while the mechanism is realized with a bearing 
411 in the first embodiment. Other items in the second 
embodiment are all the same as those in the first embodiment, 
so that only the differences from the configuration in the first 
embodiment will be described here. 

Fig. 14 shows an expanded view of a major portion of the 
second embodiment. Fig. 15 shows a posture corresponding to 
that shown in Fig. 4, which is an expanded cross sectional view 
of only the major portion of the resistance applying mechanism. 
The external shapes of the tip parts of the yoke hole 71 and 
the spider arm 311 are circular just like the conventional ones . 
A cam surface 76 is formed at an end surface of each spider 
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arm 311. This cam surface inclines from right to left as shown 
in Fig. 15. At the bottom 74 of the bearing cup 74 is formed 
an engaging projection formed to face an inside position 
eccentric from the axis. 

If the spider arm 311 oscillates, the engaging projection 
75 comes in contact with the cam surface 76 and the maximum 
frictional resistance is generated at an oscillating angle (3 
= 0° . The friction resistance is reduced when the oscillating 
angle is shifted from 0°. The cam surface 76 may be not only 
a plane, but also a proper curved surface as shown in Fig. 15. 
A seal 77 is provided to protect the bearing 411 from dust 
invasion . 

The inclination of the cam surface 76 and the curve of 
the curved surface can be adjusted to adjust the frictional 
resistance to be generated in accordance with the oscillating 
angle P, thereby the characteristic of the bending torque as 
shown in Fig. 12 can be adjusted. Consequently, as shown in 
Fig. 13, it is possible to substantially obtain the universal 
joint 10 having an almost fixed torque transmission ratio. 

Third Embodiment 

Fig. 16(A) shows a top view of a cross member 3 in this 
third embodiment . Fig. 16(B) shows a left side end surf ace view 
of a spider arm 311. In this third embodiment, the end surface 
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of the spider arm 311 is a roof-like cam surface 76 consisting 
of two inclined planes . That is only a difference from the spider 
arm in the second embodiment. The ridgeline is oriented in the 
direction orthogonal to the plane formed with four spider arms . 
If the spider arm 311 oscillates, the engaging projection 75 
comes in contact with the cam surface 76, thereby a frictional 
resistance is generated and the resistance becomes the maximum 
at an oscillating angle |3 of 0°. The more the frictional 
resistance is reduced, the more the oscillating angle is shifted 
from 0" in that connection. 

The inclination of each inclined plane and the height of 
the ridgeline can be adjusted to adjust the frictional resistance 
to be generated in accordance with the oscillating angle |3 , 
thereby the characteristic of the bending torque as shown in 
Fig. 12 can be adjusted. As a result, the present invention 
can obtain the universal joint 10 that substantially has an 
almost fixed torque transmission ratio as shown in Fig. 13. 

In the above embodiments, the yoke arm and the spider arm 
of only one of the universal joints have been described, but 
the configuration disclosed above may also apply to the yoke 
arm and the spider arm of the other universal joint. In addi tion , 
if those universal joints are provided between the steering 
column and the body side steering mechanism of a vehicle and 
the assembly is built in the vehicle's steering device, the 
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transmission torque variation in each of those universal joints 
is suppressed, thereby the steering feeling of the driver is 
improved during driving. 

The vehicle ' s universal joint assembly in this embodiment 
includes two universal joints and an intermediate shaft and 
one of the universal joints uses the output shaft as an 
intermediate shaft while the other universal joint uses this 
intermediate shaft as an input shaft. The universal joint 
assembly can be distributed on markets and a vehicle that uses 
this assembly can improve the steering feeling of the driver 
during driving, since the transmission torque variation is 
suppressed in each of the universal joints. 
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